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Page 4 of 31 certain Lactobacillus and/or Leuconostoc species (5, 7, 11, 17-19). However, until now no 66 thorough metabolite analysis has been performed on a water kefir fermentation process. 67
The aim of the present study was to gain a deeper understanding of the water kefir 68 fermentation process, in particular its microbial species diversity, community dynamics, 69 substrate consumption profile, and metabolite production course. 70
Materials and methods

71
Preparation of the inoculum
72
To prepare an inoculum, approximately 100 g of water kefir grains were obtained from a 73 private person, who cultivated water kefir at home (Ghent, Belgium). To obtain the necessary 74 amount of kefir grains (± 600 g) to start an actual water kefir fermentation process, a series of 75 consecutive pre-fermentations was performed in a common water kefir cultivation medium 76 that was used at household level. Therefore, for every 15 g of water kefir grains, 6 g of 77 unrefined cane sugar (Candico Bio, Merksem, Belgium), 85 ml of tap water, and 5 g of dried 78
figs (King Brand, Naziili, Turkey) were added. These pre-fermentations were performed in 79 Schott bottles (1, 2, and 5 l consecutively) with a water lock from polytetrafluoroethylene 80 (PTFE) that were incubated in a water bath at 21 °C. A backslopping practice was applied 81 every 72 h. Therefore, the water kefir grains were separated from the fermenting medium by 82 sieving and recultivated in fresh medium under the same conditions. After each backslopping 83 the water kefir grain mass increased and this practice was applied until > 600 g of water kefir 84 grains were obtained. 85
Water kefir fermentation process
86
The pre-cultivated water kefir grains served as inoculum for the water kefir fermentations (in 87 triplicate) in 100-ml Schott bottles (three times twelve bottles), equipped with water lock. 
Microbial enumerations
108
To enumerate micro-organisms in the water kefir liquor, the water kefir liquor obtained as 109 described above was used to prepare appropriate decimal dilutions in sterile saline. For the 110 enumerations of the micro-organisms on the water kefir grains, 5.0 g of washed water kefir 111 grains obtained as described above were brought into a sterile stomacher plastic bag. These 112 on October 17, 2017 by guest http://aem.asm.org/
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Page 6 of 31 grains were crushed by rolling a glass bottle over the outside of the bag, after which 45 ml of 113 sterile maximum recovery diluent [8.5 g l -1 of NaCl (Merck) and 1 g l -1 of bacteriological 114 peptone (Oxoid, Basingstoke, Hampshire, UK)] was added. This mixture was homogenized 115
for 15 min at high speed in a Stomacher 400 (Seward, Worthington, UK). The resulting water 116 kefir grain suspension was used to prepare appropriate decimal dilutions in sterile saline. 117
The diluted suspensions were plated on de Man, Rogosa and Sharpe (MRS) agar medium, 118 modified deoxycholate-mannitol-sorbitol (mDMS) agar medium, and yeast extract-glucose 119 glucose, fructose, ethanol, lactic acid, glycerol, acetic acid, and mannitol concentrations were 234 used. It was assumed that the water kefir grain density was 1 g cm -3 , that the dried water kefir 235 grain mass consisted of pure polysaccharide, and that the ethanol and acetic acid present in 236 the water kefir grain matrix were evaporated during the dry mass determinations. The ethanol 237 and acetic acid concentrations in the water kefir grain matrix were assumed to be the same as 238 those in the water kefir liquor. 239 Culture-dependent species diversity analysis and community dynamics 283 The culture-dependent bacterial species diversity analysis revealed the presence of 284
Results
240
Water kefir grain mass and pH measurements
Lactobacillus casei/paracasei, Lactobacillus hilgardii, Lactobacillus harbinensis, 285
Lactobacillus nagelii, Acetobacter lovaniensis/fabarum, and Lactobacillus hordei/mali (in 286 decreasing order), of which the first 3 were most dominant (Figure 2 ). This bacterial species 287 diversity was similar in the water kefir liquor and on the water kefir grains and was more or 288 less constant as a function of the fermentation time (data not shown). All mDMS agar isolates 289 picked up after 192 h of fermentation were identified as Acetobacter lovaniensis/fabarum. 290
The culture-dependent yeast species diversity analysis revealed the presence of two species, 291
namely Saccharomyces cerevisiae and Dekkera bruxellensis (Figure 2) . Also the yeast species 292 diversity was similar in the water kefir liquor and on the water kefir grains and was stable 293 during the whole fermentation (data not shown). 294
Culture-independent species diversity analysis and community dynamics Only a limited amount of volatile aroma compounds (besides acetic acid and ethanol) could 332 be found with the SH-GC-MS method used. These compounds were ethyl acetate, 2-methyl-333
propanol, isoamyl alcohol, isoamyl acetate, ethyl hexanoate, ethyl octanoate, and ethyl 334 decanoate. Also ethyl butanoate and ethyl 2-methyl-butanoate were found, but these two 335 compounds could not be quantified because their concentrations were too close to the 336 quantification limit of the method used. Except for ethyl acetate and ethyl decanoate, the 337 production of these compounds stopped as soon as the carbohydrates were exhausted (after 72 338 h of fermentation). The production of ethyl acetate and ethyl decanoate, however, continued 339 until 192 h and 96 h of fermentation, respectively (Figure 4 ). Compared to their threshold 340 levels, the most dominant aroma components of this water kefir after 72 h were the esters 341 (Table 1 ). In particular, ethyl octanoate was present at 688 times of its threshold value. 342
Carbon recovery 343
After 192 h of fermentation, a carbon recovery of 100.6 % was obtained, indicating that all 344 major substrates and metabolites were recovered from this water kefir fermentation. After 72 345 h of fermentation, the majority of the metabolic activity had taken place. The major end 346 products of the fermentation were ethanol, carbon dioxide, lactic acid, glycerol, mannitol, and 347 acetic acid, besides the synthesis of water kefir grain mass ( Figure 5) . 348 
